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TN 4543-03-72 

SUMMARY 

Two oxygen enriched binder Systeme were used to prepare cast illu- 
mination flares. An inorganic salt, magnesium perchlorate, was dissolved 
in a polymerizable binder system of mixed butylacrylate and acrylonitrile. 
The luminosity obtained in castings (4.25 inch diameter) approached an 
average intensity of |¥»tl 

1 The second system utilized triethylene glycoldinitrate in a binder 
system of Dynamar HX 736, a prepolymer with a 30% oxygen content, with 
Dynamar HX 740 curing agent. Limited data indicate that a luminosity 
intensity of 2n lO^cp is attainable. 

- When 7=25 inch diameter candles of both types were made fragmentation 
occurred during static firing and large pieces were ejected from the flare 
case. Work was discontinued for-4aek-of- fundor^The maximum practical 
diameter and optimum performance have not been determined. 

^ 
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CASTABLE ILLUMINATION FLARES 

BACKGROUND 

Work was initiated in 1963 on the possibility of developing a cast- 
able flare composition. This work was supported by NAVAIRSYSCOM under 
the Pyrotechnics Supporting Research Work Unit of the Air Launched Pyro- 
technics Exploratory Development Program. Technical Coordinator and 
Project Administrator was Mr. Ray Szypulski. The problem as originally 
stated was to develop a castable composition suitable for illumination 
flares so that the cost of fabrication would be decreased from that of 
the then used pressed magnesium, sodium nitrate, Laminae. It was con- 
sidered OK under the ground rules for the developed formulation to be 
less efficient than the pressed mixes provided safety could be increased. 
Later these rules were revised to require that the mixes also be com- 
petitive on a luminance efficiency basis to the pressed candles. 

It was felt from the beginning that to obtain a castable flare 
formulation of moderate to good performance it would be necessary to 
reduce the amount of hydrocarbon diluent as much as possible. It was 
for this reason that monomer soluble salts were investigated. That is 
not so much to increase the oxidizer content of the binder, but to de- 
crease the actual amount of hydrocarbon present,  while the two ways of 
looking at the problem may give the same result, the thinking behind the 
work was different than the work pursued by Dow Chemical for the Army 
and then the Air Force, or the work on tamp castables by Thiokol.  The 
work is very similar to that carried out later at NAD, Crane where 
strontium perchlorate was used dissolved in an diglycidyl acrylate for 
a binder in red flare mixes. [This work interestingly enough was initi- 
ated independently of the work aT China Lake.  Fortunately, there were 
no fire or explosive incidents with the magnesium perchlorate with the 
chosen monomers, although Waite, (Ref. 1) reported such difficulties 
with related acrylates. 

In preliminary work not reported in this paper, one of us (GH) ex- 
perimentally evaluated the solubilities of various oxidizers and perch- 
lorates in a variety of commercially available polymers. The particular 
basic components, magnesium perchlorate, acrylonltrlle, and butylacrylate 
were chosen because of the relatively low cost of the organic components, 
the fact that ANßA polymers in general have good physical properties, 
that perchlorates were known to catalyze the polymerization when present 
in small amounts, and that there were the fewest new elements injected 
into the basic illumination flare reactants so that the luminance would 
not suffer degradation from siphoning available chemical energy into new 
emission bands. 



TN 4543-03-72 

Early in the program it was necessary to make a brief study of the 
polymerization reaction of the ANBA system in the presence of magnesium 
perchlorate (MgP). When normal amounts of free radical catalysts were 
used, the polymerization reaction tended to run away with strong foaming 
and fiome decomposition. It was only by decreasing the amount of free 
radical catalyst that successful cures were obtained. Alternatively it 
did prove possible to carry out the polymerization of the pure binder 
system without the free radical catalyst in the presence of sunlight, 
and such a technique was used when studying the physical properties of 
the neat binder system. 

Due to the well known water absorption properties of magnesium 
perchlorate (sold under the trade name Dessichlora) some preliminary 
experiments were conducted on the water absorption characteristics of 
the neat binder system. The system was prepared without the free radi- 
cal catalyst within a glass vial.  TJpon r*»mnv»1 fmm  th« glass vial it 
was weighed on an analytical balance and stored in the laboratory and 
exposed to the ambient air. A gradual increase in weight occurred over 
a period of several days during which the temperature «ad relative 
humidity were kept fairly constant by air-conditioning tc 74 ± 3°F and 
40% RH.  Then during a subsequent air conditioning failure and increased 
humidity, 92°F and 10X  RH the sample gained approximately 5%  in weight, 
but more significantly became very rubbery. It also appeared that water 
had only penetrated approximately 20% of the way in and the center was 
still hard and clear. This led to the later investigation of including 
a third material as a plasticizer. 

MAGNESIUM PERCHLORATE ENRICHED BINDER SYSTEM 

Butyiacrylate and acrylonitrlle polymerize to form an effective 
binder and both substances dissolve magnesium perchlorate to a sub- 
stantial amount.  This system (MgANBA) was used in preparing castable 
mixes for illumination flares (Ref. 2 and 3). 

Solubility of the salt was determined only with difficulty as the 
solutions became very viscous arid the limits of solubility very in- 
distinct. Of the methods cried the most satisfactory was to add the 
dried perchlorate by increments to the mixed monomers under anhydrous 
conditions. 

The salt was added until no farther solution could be noted, and a 
slight amount of the salt remained undlssolved. The solution was then 
warmed to complete solvatior. The solubilities are shown in Table 1 
(Ref. <»). 

EP»", ... -  L
 »•• r ^ •*.- 
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TA3LE 1 .    Solubility of Potassium Perchlorate • 

Organic binder solution 
Mg(C10A)2 

Acrylonitrile 
weight,  X 

Butyl 
aerylate 
weight, X 

Ethylene 
glycol 

weight, X 

weight,  X 
in binder 
solution 

100.0 0.0 0.0 38.0 

0.0 100.0 0.0 42.2 

45.0 45.0 10.0 48.8 

72.5 22.5 5.0 .... 

22.5 72.5 5.0 43.8 

50.0 50.0 0.0 47.4 

48.3 48.3 3.4 46.6 

46.7 46.7 6.6 47.6 

81.6 16.7 1.7 39.0 

16.7 81.6 1.7 39.7 

To reduce viscosity of the solutions and to determine the solubility 
limit more closely, varying amounts of "inert" solvents such as ethanoi 
or ethyl formate were added to the MgANBA system. After solution had 
occurred, the inert solvent was stripped off under vacuum. While more 
palt could be dissolved in this manner, the effect of the inert solvent 
on the curing process appeared to be deleterious. 

The ideal diluent would reduce the viscosity, speed up the solution 
of the perchlorate, and be easily removed after solution was complete. 
The low boiling alcohols are not completely stripped off, and methanol 
at leas:, and under some conditions ethanoi, are known to react with 
magnesium metal. 

Ethyl formate was tested since a residual amount would not react 
wich magnesium. However, monomer solutions containing ethyl formate 
diluent were found to polymerise to a significant degree as the magnesium 
perchlorate concentration reached about 35 to 402. When this initial 
polymer was further polymerized in the sun, it gave a tenacious and 
quite rubbery product.  Upon standing, the ethyl formate was apparently 
released and the polymer became more brittle, although it could not be 
stripped from the solution by the normal methods. When ethyl formate 
was used as a plasticizer (172 of the monomer system) the product of the 
polymerized solution with magnesium was brittle and generally had the 
same properties as those systems containing no plasticizer or low per- 
centages of the ethylene glycol. 
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When acetone was used as the diluent, acetone and aerylonitrile 
were stripped off at about equal rates by distillation. Crystallization 
occurred when the magnesium perchlorate concentration was 48%. However, 
solution was again effected upon warming. The final concentration of 
monomers after stripping was about 34% butylacrylate and 17% acrylo- 
nitrile with the rest being residual acetone. The polymer derived from 
this mixture was quite flexible rather than hard and brittle as in most 
other systems. The volatility of the acetone would probably cause a 
definite aging effect on this system. 

A run was made to determine whether or not a higher ratio of ethylene 
glycol would plasticize the polymer. A solution of 31% acrylonitrile, 
33% butylacrylate and 36% ethylene glycol was prepared and, after dis- 
solving 45% magnesium perchlorate, this gave a polymer as hard and 
brittle as before. 

A summary of these special systems is given in Table 2 (Ref. 4). 

TABLE 2. Special Binder Systems Made With Volatile Solvents. 

Solution 
No. 

,     ....    a Acrylonicrne, 
% 

Butvl 
aery late, 

% 
Other,  %a 

Mg(C104)2
b 

solubility, 
parts by 
weight 

Poi.ymer 
properties 

49.3 48.7 H20               2.0 40.4 Hard, 
brittle 

41.6 41.1 Ethyl 
formate 17.3 

46.6 Hard, 
brittle 

23.7 23.3 Ethyl 
formate 50.3 

45.8 Flexible, 
tenacious 

17.3 33. C Acetone    48.9 48.3 Flexible, 
tenacious 

31.2 32.7 Ethylene 
glycol    36.1 

44.6 Hard, 
brittle 

49.8 50.2 Both as 
received 

46.7 Hard, 
brittle 

Percent by weight not including oxidizet content. 

Percent by weight of total binder solution. 
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The only work on the volatile solvent diluted systems that appears 
anywhere near useful is that using acetone. Too much monomer is lost 
on stripping the solvent in the other cases. It also appears that con- 
trolling the organic monomer portion of the binder would be very dif- 
ficult for routine mixing of pyrotechnic material. Work on this portion 
of the program was therefore suspended. 

The magnesium perchlorate/acrylonitrile/butylacrylate system 
(MgANBA) was used throughout the development. 

INITIAL MgANBA FORMULATIONS 

Sensitivity. A typical mix containing magnesium perchlorate, butyl- 
acrylate-aerylonitrile, magnesium (gran 18) and sodium nitrate with 
benzoyl peroxide as catalyst was tested.  Impact sensitivity was reported 
as one out of 20 fires at 120 cm with a 2.5 Kg weight. ABL sliding 
friction was found to be 236 pounds for the 50% point.  Electrostatic 
testing showed 10 of 10 no fires at 0.25 joule. These data suggest that 
no undue hazards would be met with the finished mix. 

Processing. All mixes were made in a 150 ml capacity Atlantic 
Research Corporation twin blade conical mixer at 50°C. The procedures 
in all were quite similar. The liquid binder material containing dis- 
solved Mg(ClÖ4>2 was placed in the bowl. After the curing agent was 
added and mixed, sodium nitrate was added in two increments and thoroughly 
mixed. Next added was the magnesium in two increments. The mixture was 
then agitated for 15 minutes. Vacuum can be applied to the mixer if 
desired at anytime during mechanical mixing, but this was not done in 
this series. The completed mix was remotely dumped into a transfer con- 
tainer and then loaded into 1-inch-diameter molds with vibration applied 
during loading and for a short period afterward to promote settling and 
allow trapped gas to escape. After the mold was full, the material was 
cured at about 609C until hard enough for combustion test.  For most 
formulations, an overnight cure was adequate. 

Experience gained with the initial cast-flare compositions indicated 
areas of potential improvement of properties such as fluidity, homo- 
geneity, ca8tability, and cure. The binder under consideration is highly 
hygroscopic and even traces of moisture might affect the cure and re- 
sulting physical properties. The sodium nitrate was dried before use 
to help alleviate this problem (Table 3). 

Several mixes were then made with magnesium content of 50, 55, 60, 
and 65Z to determine the effect of oxidizer to fuel ratio. Formulations 
with both granulation 17 and 18 magnesium were made to further compare 
the effect of fuel particle size. The data are presented in Table 4 and 
as can be seen suggest that the smaller particle size magnesium provides 
improved illumination efficiency, even though the burning rate is speeded 
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up considerably. One mix, 90582, was chosen for scale-up experiments. 
A more conventional pressed mix formulation, PL 6842, was burned during 
the test series for a comparison. Surprisingly, the cast mixes compared 
very favorably with PL 6842, which has been used for several years at 
NWC as the workhorse illumination rix. 

Four mixes were made of this formula 90582, and cast into Micarta 
molds 1.75 inch diameter by 3 inches high. The data are shown in 
Table 5. Densities in three samples were close to 90% of theoretical, 
and burning rates for these were much less than for the original mix. 
One mix, 90711, showed a density of 88.5Z of theoretical and burning 
rate was much faster. All four batches gave quite consistent results 
in cp sec/g. 

TABLE 5.  1.75-Inch Diameter Flares of Cast Formulation 90582. 

Ingredient 90582a 90711b 90/12b 90713b 90714b 

Magnesium, Z 
(granulation) 

60.0 
(17) 

60.0 
(17) 

60.0 
(17) 

60.0 

(17) 

60.0 
(17) 

Sodium nitrate, X 
(particle size) 

24.0 

(llOu) 
24.0 
(llOu) 

24.0 
(llOu) 

24.0 
(llOij) 

24.0 

(llQiO 

Magnesium perchlorate - 
fines Z 

8.0 8.0 8.0 8.0 8.0 

Butylacrylate 
acrylonltrlle formula 
50/50 plus curing 
agent 

8.0 8.0 8.0 8.0 8.0 

Cast density, g/cc 1.531 1.522 1.541 1.547 1.544 

Theoretical maximum 
density, g/cc 

1.719 1.719 1.719 1.719 1.719 

cp sec/g x 10 42.2 41.6 46. a 38.8 44.0 

Burn rate, in/sec 0.110 0.11 0.08 0.36 0.07 

From results reported in Table 4, burned in 1-inch diameter stain- 
less steel case. 

Cast into 1.75-inch-diameter by 3-inch-high Micarta molds. About 
250 grams of composition needed per mold, this in turn required pre- 
paration of four similar composition batches. 
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SCALE UP EXPERIMENTS 

Because the heat releases for both dissolving the magnesium perchlo- 
rate and polymerization were not known, it was necessary to scale up 
mixing and casting by increments. The previous mixes were 250 grams 
each. The same formulation was now made in 600 gram batches. The ef- 
ficiencies and burn times were not affected (Table 6) (Ref. 6). All 
mixing continued to be by remote control. 

An fttempt was made to improve the oxygen balance of the binder 
system by substituting methylacrylate for the butyl compound. The effect 
of sodium nitrate particle size was evaluated in the same experimental 
series of nixes. Up to this time "as received" sodium nitrate had been 
used. Now some mixes were prepared with reground and sieved sodium 
nitrate. The particle size distribution for the two t>pes of sodium 
nitrate are given in Table 7 (Ref. 6) and the results upon burning the 
flares are given in Table 8 (Ref. 7).  The daL* «is lu luminous efficiency 
and burn time are inconclusive. However, the volatility of the methyl- 
acrylate makes composition control difficult. Moreover, to control the 
fine particle size of the sodium nitrate, grinding and screening were 
necessary.  The scale-up to a 5 pound batch was therefore made with 
butylacrylate and as-received sodium nitrate. 

Larger batches with this binder system were made to obtain larger 
cast samples (3 inch diameter by 4 inches high). Metal content was 
set at 57, 60, and 63% with binder and perchlorate held at 8Z in each 
formulation. The results (Table 9) (Ref. 8) are quite consistent with 
the earlier results with the smaller samples—efficiencies in the area 
of 43 x 103 cp sec/g and in burn time, about 9 seconds per inch. 

Several mixes were made with the magnesium/sodium nitrate ratio 
3:1, and one with the ratio 2:1.  The material was cast into tubes 1.75 
inches in diameter by 3 inches high, and also into cases 3 inches in 
diameter by 4 inches high.  The limited data (Tabl- 10) suggest a 
slightly higher efficiency for the larger samples (Ref. 8). 

OXYGEN ENRICHMENT WITH NITRATED ORGANIC COMPOUNDS 

Additional oxygen in a flare mix can be supplied by organic as well 
as inorganic compounds.  Results of such work have been reported by other 
investigators.  For comparison with the perchlorate-enriched system, 
mixes were made with triethylene glycol dinitrate (TECDN).  The binder 
used consisted of Dynamar HX 736, a prepolymer with a 30Z oxygen content, 
and Dynamar HX 740 the curing agent (Ref. 9). 

10 
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TABLE 7. Particle Size Distribution. 

Sodium nitrate (as received) 

US Standard 
screen size 

(mesh) 

Micron 
size 

Weight, 
X  on 

100 149 .... 

120 125 9.0 

140 105 14.0 

170 .8 14.0 

200 74 6.5 

270 53 50.3 

325 44 3.7 

<325 44 2.5 

Ground sodium nitrate 

270 

325 

0 

100 
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TABLE 9. Intensity of Cast Illumination Flares, Magnesium 
Perchlorate Reinforced Binder (3-Inch-Diameter). 

DAS- 
batch Composition 

Weight, 
% 

Sample 
No. 

Sample 
weight, 
grams 

cp sec/g 
x 103 

cp x 103 
Burn 
rate, 

in/sec 

00441 Mg 17 
NaN03 
Mg(C104)2 
Binder 

57 
27 
8 
8 

1 
2 

688 
681 

41.9 
46.4 

795 
859 

9.3 
9.5 

00442 Mg 17 
NaNOß 
Mg(C104)2 
Binder 

60 
24 
8 
8 

1 
2 

673 
675 

43.3 
47.5 

893 
1,090 

8.4 
7.8 

00443 Mg 17 
NaN03 
Mg(C104)2 

Binder 

63 
21 
8 
8 

1 
2 

665 
660 

42.0 
42.5 

770 
784 

9.2 
9.0 

NOTE: Mg 17—45/100 mesh 
NaN03—Davies, as received; see Table 7 
Binder—Butylacrylate, acrylonitrile, ethylene glycol, 

51/41/8 weight" X 
Samples—3-inch diameter by 4 inches high, in cardboard 

flare cases. 
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TABLE 10. Intensity of Illumination Mixes With Nitrated Organic Binders 

DAS- 
batch 

Composition 
Weight, 

% 
Sample 
No. 

Sample 
weight, 
grams 

cp sec/g 
x 103 

Average 
cp x 103 

Average 
burn 
rate, 

in/sec 

00151a Mg 17 
NaN03 
3inder 

54 
27 
19 

1 
2 
3 

170 
173 
169 

36.0 
31.4 
38.0 

87.4 
82.3 
95.8 22.6 

00221a Mg 17 
NaN03 
Binder 

60 
21 
19 

1 
2 
3 

159 
155 
159 

38.9 
35.6 
42.3 

131 
105 
120 17.3 

00301a Mgb 

NaN03 
Binder 

62 
21 
17 

1 
2 
3 

177 
176 
177 

31.8 
38.7 
41.8 

128 
155 
211 13.6 

00711° Mg 17 
NaN03 
Binder 

60 
21 
19 

1 
2 
3 

676 
684 
600 

41.4 
39.9 
41.6 

582 
550 
822 12.3 

00712° Mg 17 
NaN03 
Binder 

62 
21 
17 

1 
2 
3 

690 
671 
600 

45.7 
42.7 
40.9 

528 
533 
633 14.3 

00851° Mg 17 
NaN03

d 

Binder 

62 
21.7 
16.3 

670 44.8 1,030 

7.3 

00852d Mg 17 
NaN03 
Binder 

62 
21.7 
16.3 

681 42.6 763 9.5 

NOTE.  Magnesium, gran 17—45/100 mesh.  NaN03—200/230 mesh. 
Binder system—HX 736 resin 30 weight 2, HX 740 curative 
10 weight X  with 60* of TECDN added. 

Samples—1.75-inch diameter by 3-inches high. 

bMagnesium 45/100 mesh 50%, 100/200 mesh 50Z. 

Samples--3-inch diameter by 4-inches high. 

NaN0~ Screen Analysis on 
on 
on 
on 

120 mesh 0.0% 
140 mesh 10.OX 
170 mesh 7.5% 
200 mesh 39.0% 

on 230 mesh     6.2% 
on 270 mesh  10.6% 
on 325 mesh  12.8% 
through 325 mesh  13.8% 

15 
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The binder and the TEGDN were mixed and the magnesium added with 
stirring. This reduced the dust hazard and somewhat "desensitized" the 
magnesium powder. The sodium nitrate was added by increments and after 
thorough blending, the mix was transferred to the flare cases. Cure 
was started at ambient temperature and completed at 140°F for 12 hours. 

IARGE DIAMETER CANDLES 

Both the magnesium perchlorate reinforced binder and the Dynamar- 
TEGDN system were used in larger batches (Table 11) to make possible 
castings of 4.25-inch *.nd 7.25-inch diameters. The 4.25-inch flare 
cases were obtained from NAD/Crane, and they had been coated on the 
inner surface with a black pigment.  The 7.25-inch cases were coated 
on the inner surface with Laminae 4116 and Lupersol DDM curing agent 
as had been done with the 3-inch cases previously prepared (Ref. 10 and 
11).  These cases were the same as for Mk 45 and Briteye flares. 

The cases (both 4.25- and 7.25-inch sizes) were filled in a vacuum 
casting bell with an uninterrupted flow of material to prevent formation 
of voids, etc.  Vacuum was continued after loading had been completed 
to reduce the possibility of entrapped air in the flare candle.  It was 
not possible to vibrate the samples while they were under vacuum. 

In general, candle cohesion was poor.  During burn tests, Table 11, 
fragments fell from suspended candles or were ejected from flares in the 
upright position.  In some instances there was very rapid disintegration, 
although all the pieces burned to completion.  Apparently the candles 
shrank away from the case during curing.  Only one candle remained in a 
suspended case (open end down) for the entire burn time.  In a second 
instance, the candle burned in the case for 25 seconds, and some candle- 
power data were obtained from this portion of the flare.  Both of these 
were made from the Dynamar formulation. 

The data for one 4.25-inch-diameter candle with the Dynamar/TEGDN 
binder show an average candlepower of 2,130,000, with 88,500,000 total 
candlepower seconds.  The data for a portion of a candle are not viable. 

There was reason to suspect that case bonding was Inadequate and 
the experiment was repeated.  In this instance, the cases were coated 
on the inner surface with Laminae 4116 using Lupersol DDM as a curing 
agent.  This was to serve as a bonding agent and adhered well to the 
tubes.  While the coating was still uncured, the candle mix was loaded 
into the cases. The procedure was used for both the 4.25 inch and 7.25 
inch diameter sizes, and for both -\e MgANBA and the Dynamar TEGDN binder 
systems.  The candles were loaded with both vibration and vacuum to 
achieve a better packing density and to prevent voids. This had not 
been possible on the earlier experiments. 

16 
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For comparison two Mk 45 flare candles (4.25 inch diameter) in the 
cardboard cases but without the aluminum sleeve burned with little 
fragmentation, and were not ejected from the cases. The total times 
were about 3 minutes and 15 seconds. 
106 cp. 

The average intensity was 2.01 x 

In previous experiments no meaningful intensity measurements could 
be obtained.  In the present experiments, candle adherence to the cases 
was satisfactory. Two specimens with the magnesium perchlorate binder 
gave an average of 1.970 x 10^ cp with an average efficiency of 62.3 x 
103 cp sec/g. These were in the 4.25-inch cases (Table 12). 

Apparently the larger flares (7.25-inch diameter) were lacking in 
cohesive strength. In the Dynamar binder system fragmentation occurred 
about 15-20 seconds after ignition, but the pieces continued to burn on 
the ground.  In the magnesium perchlorate reinforced binder system vio- 
lent fragmentation occurred ve.*y shortly after ignition. T'e larger 
fragments continued to burn on the ground. 

X-ray examination of the larger casting (7.25-inch diameter) taken 
before firing showed that the castings with Dynamar binder system were 
less homogeneous than those with the perchlorate reinforced binder. Also 
there was greater separation between the casting and the shell case. 
Voids were also present in the Dynamar system that were not noticed in 
the perchlorate formulation. 

Due to a requested change in emphasis of the Pyrotechnics Exploratory 
Development AirTask, no further work was done to improve the performance 
of large cast flares. 

CONCLUSIONS 

Castable flares with performance equivalent to that of conventionally 
prepared pressed flares are possible.  Additional work to improve case 
bonding and optimize compositions and loading procedures are required, 
however, prior to incorporation in production devices.  By the use of 
castable mixes, it should be possible to utilize noncvlindrical flare 
cases and possibly further improve flare performance. 
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